Flying insect predators intercept their aerial prey with deadly precision. New research reveals that a tiny robber fly, with a brain smaller than a pinhead, achieves this using the same visual mechanism that we ourselves employ to catch a passing ball.
In his landmark book of 1871, ' The descent of man, and selection in relation to sex' [1] , Charles Darwin made a revolutionary remark about the tiny brains of insects: ''It is certain that there may be extraordinary mental activity with an extremely small absolute mass of nervous matter: thus the wonderfully diversified instincts, mental powers, and affections of ants are notorious, yet their cerebral ganglia are not so large as the quarter of a small pin's head. Under this point of view, the brain of an ant is one of the most marvellous atoms of matter in the world, perhaps more so than the brain of a man''. Darwin's insight concerning the brains of ants was truly visionary, arguably the first recognition that the sheer mass of a nervous tissue is not the sole arbiter of behavioural or cognitive performance (as the remarkable higher cognitive abilities of 'small-brained' birds such as corvids are now confirming [2] ). Today, almost a century and a half later, Darwin's words about insects ring truer than ever: these and other arthropods are seen to be capable of extraordinary behavioural feats, seemingly disproportionate in sophistication compared to their small bodies and tiny brains. A remarkable study of the prey pursuit behaviour of the tiny North American robber fly Holcocephala fusca, published in this issue of Current Biology [3] , reinforces yet again Darwin's extraordinary insight.
Holcocephala is a ferocious aerial hunter ( Figure 1A ). Measuring just a few millimetres in length, Holcocephala detects passing prey, often approaching half its own body size, and takes off for the chase. Even though its eyes are tiny ( Figure 1B) , each smaller than a millimetre across, and its brain minute, the detection and pursuit of prey is an entirely visual behaviour. But despite this apparent lack of visual processing power, it turns out that the interception strategy used in this pursuit is remarkably similar to the one used by large-brained humans to track and intercept a moving ball, a feat that underscores how complicated behavioural tasks are often achievable with a minimum of neural tissue (as Darwin would no doubt have appreciated).
To explore the visual chasing behaviour of this tiny robber fly, Wardill et al. [3] attached a small round bead (of varying size, up to 4 mm in diameter) to a taut fishing line that quickly pulled the distant bead across a perched fly's upwardly directed visual field. These passing beads turn out to be highly attractive, and a nearby robber fly will routinely and repeatedly launch from its resting place on a nearby twig to pursue this irresistible moving target. The goal of these experiments was to characterise the tracking and interception behaviour of the fly and to determine the threshold size (and thus visual contrast) of the bead that was required to initiate the chase. The results they obtained were surprising: beads that subtended a mere 0.13 at the eye were sufficient to initiate a chase. To put this into human terms, this is roughly the angular size of half a match head viewed at arm's length. For our large, high resolution eyes and sizeable brain, half a match head at arm's length is not too hard to see: but for Holcocephala's tiny compound eyes, this is a significant visual feat.
Part of their ability lies in the way the eyes are built. Like all compound eyes, those of Holcocephala are constructed of 'ommatidia', the optical building blocks of this type of eye [4, 5] . Each ommatidium is built of the same elements -an external six-sided corneal facet lens that focuses the incoming light, an internal crystalline cone lens directly below, and an underlying bundle of photoreceptors, each of which contains a thin cylindrical light-sensitive structure known as a 'rhabdomere'. A surrounding sheath of cells, containing light-absorbing pigment granules, finally isolates each ommatidum optically from its neighbours. A single ommatidium thus samples a single 'pixel' of the visual world, while two neighbouring ommatidia sample two neighbouring 'pixels'. In fact, compound eyes with large numbers of densely packed ommatidia can spatially resolve many such pixels. This is well exemplified by the huge compound eyes of large dragonflies, each of which contains around 35,000 ommatidia. In these eyes, the tapering ommatidial tubes are densely packed, and the angle between them -the 'interommatidial angle' D4 -is small. Such massive compound eyes, affording so many tightly packed ommatidia, can thus reconstruct the visual world with quite decent spatial clarity.
Holcocephala, on the other hand, can hardly be said to have large compound eyes. Measuring less than a millimetre across, and possessing only a fraction of the ommatidia of dragonflies, one might initially be tempted to write off their compound eyes as little more than meagre sensors of light and dark. But nothing could be further from the truth, as their exquisite tracking behaviour demonstrates. Holcocephala's compound eyes, it turns out, have evolved remarkable optical adaptations to overcome the potential limitations of their tiny size, taking advantage of one of the compound eye's most flexible design strategies -plasticity in ommatidial design from one part of the eye (and visual field) to another.
In Holcocephala's case this plasticity is extreme. As one moves from the lateral region of the eye to the front, the eye surface flattens rapidly and the ommatidia suddenly and dramatically increase in size, with the external facet lenses more than tripling in width over a very short distance. These larger facets not only accept more light and improve sensitivity, they also reduce the image-degrading effects of diffraction. At the same time, the crystalline cones double their length, greatly increasing the focal lengths of the ommatidia, thereby boosting photoreceptor spatial acuity. In the very flattest region of each eye, within a small patch of around 20-30 gigantic facets (circled in Figure 1B) , the ommatidia become almost parallel, being separated by the second narrowest interommatidial angle (D4) ever recorded in a compound eye -just 0.28
. Spatial acuity in this small eye region is thus maximal, and because of the huge facets, so too is sensitivity -in other words, in this 'acute zone' or 'fovea', visual performance is at its peak [5, 6] . But this high performance, just as for our own fovea, cannot be maintained in more than just a small region of the eye, and even then only at the expense of performance in other regions -just a few facet rows distant, where the eye surface is forced to curve This tiny fly (A) is an agile predator whose compound eyes (B) are large relative to body size and flattened frontally to create a fovea of 20-30 huge facets (circled in B). This fovea is used to fixate, track and finally intercept flying prey during a high-speed aerial pursuit. Images courtesy of the photographer Thomas Shahan (via a Creative Commons Attribution 2.0 Generic License).
sharply to reconnect the eye to the head capsule, facet diameters plummet and D4 climbs to well over 1 . As Wardill et al. [3] have discovered, this fovea plays a central role in visual tracking. Its maximised sensitivity and resolution make it ideal for detecting and chasing tiny moving prey silhouetted against the sky. By holding the rapidly flying target in the fovea's visual field during the chase, Holcocephala takes advantage of this high performance eye region to react to changes in the speed and heading of the target. It turns out that this task requires the robber fly to hold the visual bearing of the target prey constant relative to an external frame of reference (Figure 2A ) -by doing this, the fly ensures interception by keeping the bearing angle constant, that is, by keeping the vectors that join the fly with its prey continuously parallel during the chase.
This 'constant bearing angle' model of interception ( Figure 2B , [7, 8] ) -and its underlying guidance law of proportional navigation [9] -allows the fly to track and intercept the prey even if the prey changes its velocity or alters its direction. Remarkably, this model of tracking and interception is also found to hold in animals with much larger eyes and brains. The ability of humans to track a ball and catch it [7, 8] , or the abilities of bats and fish to chase and capture their prey [10, 11] , are all explained using this model. Even though the constant bearing angle model is not a universal visual strategy for intercepting a moving target (dragonflies, for instance, employ a somewhat different mechanism [12] ), the fact that it has evolved in one of the smallest aerial predators on our planet -with its tiny eyes and miniature nervous system -is a fitting testament to Darwin's watershed realisation that ''the brain of an (insect) is one of the most marvellous atoms of matter in the world''. Centrosome numbers are tightly regulated during the cell cycle. A new study shows that the PIDDosome prevents the propagation of cells carrying amplified centrosomes via p53 stabilisation and p21-mediated cell-cycle arrest, thus ensuring the maintenance of normal centrosome numbers.
The centrosome -the main microtubuleorganising centre in animal cells -is duplicated once per cell cycle, much like DNA [1] . This tightly regulated duplication cycle ensures that, at the end of cell division, each daughter cell inherits one centrosome. While the mechanisms controlling centrosome numbers during the cell cycle are still unclear, it is well established that the correct number of centrosomes is vital to ensure genomic stability. Both amplification and loss of centrosomes have been reported to contribute to chromosome instability by promoting chromosome mis-segregation during mitosis [2] [3] [4] [5] . Thus, because chromosome instability is detrimental for individual cells and can also facilitate tumour formation [6] , it is not surprising that mechanisms exist to prevent the proliferation of cells with an abnormal number of centrosomes. In a recent study, Villunger and colleagues [7] describe a new mechanism by which activation of the PIDDosome and consequent p53 stabilisation limit the propagation of cells with extra centrosomes. Proliferation of cells that have lost centrosomes or amplified centrosomes is inhibited by the activation of the p53 pathway [5, 8] . Recent work has shed some light on the mechanism leading to p53-dependent cell-cycle arrest upon loss of centrosomes. Centrosome loss, as well as prolonged mitosis, leads to stabilisation of p53 via p53-binding protein 1 (53BP1) and the deubiquitinase USP28, independently of DNA damage [9] [10] [11] . Importantly, loss of 53BP1 and USP28 does not prevent cell-cycle arrest induced by extra centrosomes [9] [10] [11] , suggesting that different signalling pathways are involved in p53 activation in response to different types of centrosomal abnormalities. In agreement with this, previous work has suggested that the presence of extra centrosomes leads to p53 stabilisation via activation of the Hippo pathway kinase LATS2 [12] . What exactly triggers these signalling responses that culminate in the activation of the p53 pathway remains elusive. However, because the cell-cycle arrest in response to centrosome loss or amplification is mediated by different pathways, it seems unlikely that cells have mechanisms that directly 'count' centrosome number; instead, activation of different stress responses following loss or amplification of centrosomes could indirectly trigger p53 activation.
Several stress responses trigger activation of the endopeptidase caspase-2 to limit the proliferation of 'damaged' cells [13] . Caspase-2 associates with p53-induced protein with a death domain 1 (PIDD1) and the adaptor protein RAIDD to form the PIDDosome, which has been shown to play a role in apoptosis in response to DNA damage [14] . However, in vivo work suggests that a DNA-damage response exists in the absence of a functional PIDDosome, raising questions regarding the specific triggers that lead to PIDDosome activation [15] . In the new study, Fava et al. [7] set out to identify activators of the PIDDosome and found that conditions that cause cytokinesis failure (which leads to the generation of tetraploid cells) but not mitotic arrest alone induced caspase-2 activation, as measured by cleavage of the E3 ubiquitin ligase MDM2, a p53 inhibitor. MDM2 cleavage leads to p53 stabilisation and p21-induced cellcycle arrest in both cancer and nontransformed cell lines in which cytokinesis
